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(57) A method for forming a electrically isolated 
semiconductor devices in a silicon body. A trench is 
formed in a selected region of the body. A barrier mate- 
rial is deposited over sidewalls of the trench. Portions of 
the barrier material are removed from a first sidewall 
portion of the trench to expose such first sidewall portion 
of the trench while leaving portions of such barrier ma- 
terial on a second sidewall portion of the trench to form 
a barrier layer thereon. A dielectric material is deposited 
in the trench, a portion of dielectric material being de- 



posited on the exposed first sidewall portion of the 
trench and another portion of such deposited dielectric 
material being deposited on the barrier material. The di- 
electric material is annealed in an oxidizing environment 
to densify such deposited dielectric material, the barrier 
layer inhibiting oxidation of the said second sidewall por- 
tion of the trench. A plurality of the semiconductor de- 
vices is formed in the silicon body with such devices be- 
ing electrically isolated by the dielectric material in the 
trench. 
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wall portions of the trench. 

[0013] For a better understanding of the present in- 
vention, and to show how it may be brought into effecl. 
reference will now be made, by way of example, to the 
accompanying drawings, in which: 



[0014] Referring now to FIG. 1A, a semiconductor 
body or substrate 10, here p-lype conductivity silicon, is 
shown. A layer 12 of silicon dioxide is thermally grown 
over the upper surface of the substrate 10, here to a 
thickness in the range of 50A. Next, a layer 14 of silicon 
nitride is deposited, here by chemical vapor deposition 
(CVD) to a thickness of hero in tho rango of 2500A on 
the silicon dioxide layer 14, as shown. 
[0015] Referring now to FIG. IB, a photoresist layer 
16 of photoresist is deposited on the layer 14 of silicon 
nitride and photolithographically patterned, as shown, 
to have windows 18 formed therein over the regions of 
the substrate 10 where trenches for the STI are to be 
formed. Thus, the photoresist layer 16 is patterned to 
provide an etch mask, as shown in FIG. 1B. The struc- 
ture is then exposed to an etch, here a dry etch, to first 
remove the portions of the silicon nitride layer 14 ex- 
posed by the windows 18. The photoresist layer 16 is 
stripped. Next, using the patterned silicon nitride layer 
14 as an etch mask, the exposed, underlying portions 
of the silicon dioxide layer 1 2 are removed by here a dry 
etch thereby exposing underlying portions of the surface 
of the silicon substrate 10. Next, the exposed portions 
of the silicon are etched, here using a dry etch, to form 
trenches 20 is the silicon substrate 10 surface as shown 
in FIG. 1C. 

[0016] Referring now to FIG. 1 0, a thin layer 24, here 
1 00A thick, of silicon dioxide Is thermally grown over the 
walls 22 (FIG, 1C) of the trenches 20. Next, a barrier 
material, here a liner, or layer 26 of silicon nitride is de- 
posited over the structure. Here, the silicon nitride layer 
26 is deposited by chemical vapor deposition to a thick- 
ness in the rang e of 60A. 

[0017] Referring now to FIG. 1E, a photoresist layer 
28 is dopositcd over tho surfaco of the structure and 
photolithographically patterned, as shown to provide a 
mask. It is noted that the mask provided by the photore- 
sist layer 28 exposes the regions in the p-type conduc- 
tivity substrate 1 0 where n-type conductivity wells 30 are 
to be formed. It is also noted that the mask provided by 



the photoresist layer 28 is disposed over sidewall por- 
tions 32 of the trenches 20 while such mask has aper- 
tures to expose dilferent, sidewall portions 34 of the 
trench 20. More particularly, the patterned photoresist 
5 layer 28 expose the sidewall portions 34 which are dis- 
posed about the periphery of the n-type conductivity 
wells 30, for reasons to become apparent. Suffice it to 
say here, however, the n-type conductivity wells 30 will 
have formed therein p-channel MOSFET devices while 
the regions 36 in the p-type conductive substrate 10 
electrically isolated by the trenches 20 will have formed 
therein n-channel MOSFET devices. 
[0018] After patterning the photoresist layer 28 as 
shown in FIG. 1 E, a etch, here a dry etch, is brought into 
contact with the structure to remove portions of the sili- 
con nitride layer 26 exposed by the apertures in the pho- 
toresist layer 28, as shown in FIG. IE. II is noted that 
the etch removes the portions of the silicon nitride layer 
26 disposed on the trench 20 sidewall portions 34 while 
the portions of the silicon nilride layer 26 disposed on 
the trench 20 sidewall portions 32 remain. It is also noted 
that portions of the silicon nitride layer 26 on the bottom 
of the trenches 20 exposed by the patterned photoresist 
layer 28 are also removed while portions of the silicon 
nitrido layer 26 on the bottom of tho trenches 20 covered 
by the patterned photoresist layer 28 also remain. 
[0019] Next, a suitable n-type conductivity dopant, 
here phosphorus, is ion implanted or diffused into the 
portions of the silicon exposed by the patterned photore- 
sist layer 28 to thereby provide the n-type conductivity 
wells 30, as shown in FIG. 1E. 

[0020] Next, referring also to FIG. 1F, the photoresist 
layer 28 is stripped away. Next, a silicon dioxide dielec- 
tric material 38, here TEOS is deposited over the sur- 
face of the structure, portions of such TEOS being de- 
posited in the trenches 20, as shown in FIG. 1 F, portion 
of the material 38, not shown, extending over the silicon 
nitride layer 14. The structure undergoes a wet anneal 
during densification of the TEOS material 38. The silicon 
nitride layer 26 is used to prevent oxygen produced dur- 
ing the wet anneal from entering the portions of the sil- 
icon substrate 10 where the n-channel MOSFET devic- 
es are to be formed, i.e., the regions 36. That is, the 
silicon nitride layer 26 prevents oxidation of the silicon 
trench sidewalls: otherwise, such oxidation would tend 
to create unwanted stresses and crystal dislocations in 
the silicon substrate 10. That is, the dielectric material 
38 is annealed in an oxidizing environment to density 
such deposited dielectric material 38 while the barrier 
silicon nitride layer 26 inhibits oxidation of the sidewall 
portions 32 of the trenches 20. It is noted, however, that 
the sidewall portions 34 disposed about the periphery 
n-type conductivity wells 30 (i.o, tho rogions whero tho 
p-channel MOSFETs will be formed) do not have the sil- 
icon nitride layer 26 thereby eliminating a source of elec- 
trons which interfere with the p-channel MOSFETs. The 
upper portions, not shown, of the TEOS material 38 are 
removed here by chemical mechanical polishing (CMP) 



FIGS. 1A-1I are diagrammatical cross sectional 
sketches of electrically isolated MOSFETs at vari- 
ous stages in the fabrication thereof in accordance 
with the invention; 10 
FIG. 2 is a plan view sketch of one of the MOSFETs 
shown in FIG. 11, the cross sectional view of such 
MOSFET in FIG. II being taken along line 11-11 in 
FIG. 2; and 

FIG. 3 is a cross sectional sketch of the MOSFET 1$ 
shown in FIG. 2, such cross section being taken 
along line 3-3 in FIG. 2. 
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to form the structure shown in FIG. 1F. 
[0X521] Next, the surface of the structure is masked by 
a photoresist mask, not shown, having windows therein 
to expose the N-well regions 30 and a p-type conduc- 
tivity dopant ions, here boron, are implanted through the 5 
exposed portions of the silicon nitride layer 14 and sili- 
con dioxide layer 1 2 to form, after an ion activation an- 
neal, p-type conductivity buried channel regions 42 in 
the n-type conductivity wells 30, as shown in FIG. IF. 
[0022] Next, the silicon nitride layer 14 and the silicon w 
dioxide layer 12 are removed, here by a wet etch, there- 
by exposing the surface ponionsof the silicon substrate 
10. Next, referring to FIG. 1 G, a layer 40 of silicon diox- 
ide is thermally grown into the exposed surface portions 
of the silicon substrate 10. as shown. Next, a layer 44 is 
of n+type conductivity doped polycrystalline silicon is de- 
posited over the silicon dioxide layer 44, as shown in 
FIG. 1 H. Next, an electrically conductive layer 46, here 
aluminum, is deposited over the polycrystalline silicon 
layer 44, as shown in FIG. II. The silicon dioxide layer zo 
40, doped polycrystalline silicon layer 44, and electrical- 
ly conductive layer 46 are patterned into a gate elec- 
trode 50 for the MOSFET devices, as shown in FIGS. 2 
and 3 for p-channel MOSFET device 54. Thus, the p- 
channol MOSFET dovicc 54 has source and drain rc- 25 
gions 60, 62. Further, the device 54 is electrically isolat- 
ed by the dielectric material 38 disposed about the pe- 
riphery of such device 54. It is also noted that the side- 
wall portions 34 are not covered with the silicon nitride 
layer 36. It is noted that, and referring to FIG 1 1, a n- 30 
MOSFET device 60 is provided in regions 60 and that 
such regions are electrically isolated from the regions 
30 by trenches having silicon nitride layers 26. Other 
embodiments are within the spirit and scope of the ap- 
pended claims. 35 



annealing the dielectric material in an oxidizing 
environment to density such deposited dielec- 
tric material, the barrier layer inhibiting oxida- 
tion of the said second sidewall portion of the 
trench; and 

forming a plurality of the semiconductor devic- 
es in the silicon body with such devices being 
electrically isolated by the dielectric material in 
the trench. 

2. The method recited in claim 1 wherein the forming 
step comprises forming one of the devices as a bur- 
ied channel device. 

3. The method recited in claim 1 or 2 wherein the step 
of forming the barrier material comprises forming a 
barrier material of silicon nitride. 

4. The method recited in any preceding claim wherein 
one of the step of forming the active devices com- 
prises forming the one ol the active devices as a p- 
channel MOSFET and forming another one of the 
active devices is a n-channel MOSFET. 

5. Tho method rocitod in any preceding claim wherein 
the forming step comprises forming one of the p- 
channel device as a buried channel device adjacent 
to the first sidewall portion ol the trench. 

6. The method recited in any preceding claim wherein 
the forming step comprises the step of depositing a 
layer of doped polycrystalline silicon over surface 
portions ol the silicon body and patterning such 
doped polycrystalline silicon body into gate elec- 
trodes for the active devices. 



Claims 

1 . A method for forming electrically isolated semicon- 40 
ductor devices in a silicon body, comprising: 

forming a trench in a selected region of the 
body; 

depositing a barrier material over sidewalts of 45 
the trench; 

removing portions of the barrier material from 
a first sidewall portion of the trench lo expose 
such first sidewall portion of the trench while 
leaving portions of such barrier material on a 50 
second sidewall portion of the trench to form a 
barrier layer thereon; 

depositing a dielectric matorial in the trench, a 
portion of dielectric material being deposited on 
the exposed first sidewall portion of the trench ss 
and another portion ol such deposited dielectric 
material being deposited on the barrier materi- 
al; 



7. The method recited in any preceding claim wherein 
the step of forming the active devices comprises 
forming one of the active devices as a buried chan- 
nel device adjacent to the first sidewall portion of 
the trench. 

8. The method recited in any preceding claim wherein 
the step of forming the buried channel MOSFET 
comprises forming such MOSFET as the p-MOS- 
FET device. 

9. A semiconductor structure, comprising: 

a silicon body; 

a trench disposed in the silicon body, such 
trench having sidewall portions; 
a barrier material disposed on a socond ono of 
the sidewall portions to provide a barrier mate- 
rial lined sidewall portion of the trench, a first 
one of the sidewalls being un-coated with the 
barrier material; 

a dielectric material disposed in the trench, one 
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portion of the dielectric material being in con- 
tact with the barrier material coated second one 
of the sidewall portions and another portion of 
the dielectric material being in contact with the 
first one of the sidewall portions of the trench; s 
a pair of active devices formed in the silicon 
body, such devices being electrically isolated 
by the dielectric material in the trench. 

10. The structure recited in claim 9 wherein the barrier 10 
material is silicon nitride. 

11. The structure recited in claim 9 or 10 wherein one 
of active devices is a p-MOSFET and another one 

of the active devices is a n-MOSFET. is 

12. The structure recited in claim 1 1 wherein one of the 
devices is a buried channel device. 

1 3. The structure recited in one of claims 9-1 2 wherein 20 
the a layer of doped polycrystalline silicon is dis- 
posed over surface portions of the silicon body sep- 
arated by the dielectric material to provide gate 
electrodes for the active devices. 



14. The structure recited in one of claims 9-13 wherein 
the one of the active devices the buried channel de- 
vice is disposed adjacent to the first one of the side- 
wall portions of the trench 

15. The structure recited in one of claims 1-14 wherein 
the buried channel device is the p-MOSFET. 
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